It is now clear that the transcription of eucaryotic genes is controlled during the elongation phase as well as at initiation. The number of genes for which elongational control has been implicated is growing (80) . The three proto-oncogenes c-myc (52, 61, 65, 79, 85) , c-myb (4, 62) , and c-fos (16, 70) have been shown to be controlled at elongation. Adenovirus (37, 66, 73) , simian virus 40 (36, 67) , minute virus of mice (39) , and human immunodeficiency virus (HIV) (40, 41, 75, 83) have been demonstrated to have specific blocks to transcription elongation. The mRNA levels for the adenosine deaminase genes of humans and mice are at least partly controlled by a regulated block to elongation (13, 14, 42, 48, 58) . Many genes in Drosophila melanogaster have RNA polymerase II molecules arrested early after initiation (68, 69) . While control of elongation has been implicated in these examples, very little is known about the molecular mechanisms involved.
A number of factors that influence elongation and termination by procaryotic RNA polymerase have been defined (86) . In particular, the N and Q protein-mediated antitermination systems of lambda and similar bacteriophages provide a model for how specific gene expression can be controlled by modifying RNA polymerase elongation. The mechanism by which lambda Q protein functions has been partially elucidated (87) . A key feature in this process is the pausing of the RNA polymerase downstream of the initiation site where Q protein is added to the elongation complex with the aid of another elongation factor, NusA (24, 87) . This Q-modified RNA polymerase is then able to read through downstream pause sites and termination sites of both the rhodependent and rho-independent varieties. The lambda N protein antitermination system involves at least six proteins and may proceed by a mechanism similar to but more complex than lambda Q antitermination (51, 86) . Unraveling * Corresponding author.
this complicated system has involved purifying the individual components, examining the magnitude of their interactiofls, and resolving the multiple steps kinetically (51, 86) .
The mechanisms cqptrolling the elongation phase of transcription by RNA polymerase II are not understood, but four protein factors that affect the elongation characteristics of RNA: polymerase II haye been identified. The first factor identified, S-II, was orjginally discovered in 'the mouse and has been found to suppress pausing by RNA polymerase II at specific sites (29, 59, 63, 64, 74, 77, 78) . The second factor, factor 5 from D. melanogaster (or mammalian TFIFF or RAP 30/74), is required for initiation and also stimulates the elongation rate of RNA polymerase II (5, 9, 19, 56, 57) . The third factor, TFIIX, was identified in HeLa cell extract and stimulates elongation by RNA polymerase 11 (5, 38) . Finally, a recently identified yeast protein, YES, stimulates the elongation rate of RNA polymerase II (12) . Although the biochemical studies listed above suggest a role for the factors during elongation, the details of their involvement are not known.
There are a number of cases in which transcription elongation and termination are affected by events that take place before or shortly after initiation from a specific promoter. The Ul and U2 small nuclear RNA (snRNA) genes are good examples of this, as the promoters of these genes generate transcription complexes capable of specific recognition of termination signals (27, 28, 53) . When a different promoter that normally generates poly(A)+ RNA is ligated to an snRNA sequence, the termination signal is not recognized (27, 28, 53) . In the c-myc gene, the appearance of a block to elongation is dependent on which of the two promoters is used (52, 81) . When transcription is initiated at a different promoter, the specific block to elongation is not functional (7) . It has been shown that transcription complexes that initiate from several Drosophila promoters are arrested in the synthesis of the first 50 nucleotides (nt) (68, 69) . The biochemical details of the promoter proximal effects listed above are not understood, but in the case of the HIV long terminal repeat promoter there is a specific sequence element, which includes sequence from just upstream of the initiation site to approximately +82 downstream, that seems to control the elongation characteristics of polymerases which initiated at the long terminal repeat (60) . This sequence includes the TAR element, which in its RNA form confers responsiveness to the transactivator Tat (32, 40, 75, 76) . The viral Tat protein, a cellular protein called p68, and other cellular factors are involved in suppressing premature termination after initiation from the HIV promoter (17, 25, 40, 49, 75, 76) . A unifying theory explaining all of the promoter proximal effects has not been proposed.
The purine nucleotide analog 5,6-dichloro-1-0-D-ribofuranosylbenzimidazole (DRB) has been shown to affect transcription both in vivo (20, 72) and in vitro (15, 89) . Originally, DRB was shown to reduce the ratio of long capped transcripts to short ones when added to cells in culture (20, 21, 71, 82) . In these studies, it was noted that DRB inhibited heterogeneous nucle'i RNA synthesis by 60 to 75% while at the same time inhibiting mRNA production by >95%. This finding was variously interpreted to mean that DRB inhibits initiation or causes kremature termination (20, 82) . DRB has been used to inhibit transcription in vitro in HeLa extract systems, and again, the conclusion that DRB inhibits initiation was reached (88, 89) . Most recently, the hypothesis that DRB inhibits the elongation step of transcription through an elongation factor has been suggested (15) . One group has described inhibition of casein kinase II by concentrations of DRB identical to the ones used to inhibit transcription in vivo and in vitro (90) . It has been proposed that a DRBsensitive kinase phosphorylates either RNA polymerase II or a transcription factor (90) .
In our effort td understand the mechanism of elongation control, we have begun to study the formation of elongation complexes in vitro, using Drosophila Kc cell nuclear extract.
We observed that the majority of RNA polymerase II molecules that initiated did not normally progress to the end of a 460-nt-long template (35a) but rather paused and then terminated close to the promoter. We also found that DRB inhibited the formation of long transcripts. In trying to understand the molecular basis of these observations, we first developed a system using templates immobilized to paramagnetic beads and then used the system to analyze the properties of elongation complexes formed from isolated preinitiation complexes. We were surprised to find that these complexes were defertive in elongation, synthesizing only short transcripts. The ability to synthesize long transcripts was dependent upon the addition of a DRB-sensitive factor, P-TEF (positive transcription elongation factor), which acts after initiation. block and allow polymerase molecules to reach the end of a long template (35a) . This means that only a fraction of the polymerase molecules in untreated extracts can generate long RNAs. Since DRB inhibits the production of long transcripts both in vitro and in vivo (15, 20, 72, 89) , we tested the subpopulation of RNA polymerase II elongation complexes that normally can make long runoffs for their sensitivities to DRB. An experiment was performed to titrate the effects of DRB on unstimulated and high-salt-stimulated elongation complexes (Fig. 1) . In this experiment, the DRB was added to preincubated complexes before initiation in all lanes except the one marked with the asterisk. In all experiments, DRB did not detectably affect initiation, as indicated by the similarity in amount of total RNA synthesized. From the lanes on the left half of Fig. 1 , it can be seen that DRB inhibits the production of runoff RNA. These normally productive elongation complexes are inhibited by concentrations of DRB as low as 1 ,uM, and the effect is maximal with 20 ,uM. On the other hand, the complexes that lead to short (30- productive complexes owing to the loss of elongation factor function (35a). It is also interesting to note that inhibition of productive elongation complexes is nearly complete when DRB is added with the chase (lane marked with an asterisk in Fig. 1 ). This finding indicates that the DRB-sensitive step occurs after initiation.
MATERIALS AND METHODS

Materials
To investigate the kinetics of the formation of the pattern of short RNAs and runoff RNA, a time course of synthesis was performed (Fig. 2) . Under normal conditions, the formation of the pattern of short RNAs is very rapid, being essentially complete in 30 s (Fig. 2 , left lanes). Since the pattern of short transcripts does not change with increasing chase time, we will call these short RNAs abortive transcripts. The appearance of runoff RNA is much slower, taking approximately 5 min to reach its maximum. In the presence of 20 ,uM DRB, the production of runoff is almost completely inhibited (Fig. 2, right lanes) . However, the kinetics of accumulation as well as final pattern of the short transcripts are unchanged. Regardless of the presence or absence of DRB, the transcripts are partially degraded by the action of nucleases in the extract. The maximal elongation rate of complexes synthesizing short RNAs is initially very high but decays rapidly to zero. Productive elongation complexes exhibit a maximum elongation rate of about 1,000 nt/min (35a) . In this experiment, there is little 460-nt runoff until at least 3 min of transcription. As suggested in the accompanying report (35a) , this finding implies the existence of a slow step in the formation of productive elongation complexes. soluble templates are used, but the characteristics of their formation are similar under the two conditions. Just as was found when transcription occurred in unfractionated extract, 250 mM KCI added shortly after initiation allows the polymerase to reach the end of the template. Extensive washing of preinitiation complexes with 250 mM KCI did not allow production of complexes capable of efficient elongation at 60 mM KCI (Fig. 3B , 250 mM complex wash lanes).
To examine the properties of elongation complexes formed on immobilized templates, a time course of transcription was performed (Fig. 4) . Magnetically purified preinitiation complexes were allowed to initiate and then were chased either in 60 mM KCl, 250 mM KCI, or heparin. When the chase was performed at low salt, the elongation complexes had a high initial elongation rate which rapidly decreased (Fig. 4A, no-addition lanes) . Figure 4B shows the analysis of the same RNA on a lower-percentage acrylamide gel to enhance the separation of larger RNA. The kinetics of the appearance of the abortive pattern is similar to that seen in the presence of extract (Fig. 2) . This finding suggests that abortive elongation is a characteristic set at the preinitiation stage. Treatment with 250 mM KCI or heparin during early elongation (Fig. 4A , 250 mM KCI and 1 mg/ml heparin lanes) allows the production of the 1,200-nt runoff in 10 min.
To further characterize the washed, immobilized complexes, we determined how long the early elongation complexes were stimulable by the addition of KCl to 250 mM.
The total chase times were kept constant, but the salt concentration was raised from 60 to 250 mM after increasing lengths of chase time. When the concentration of KCI was raised immediately after the pulse, there was a significant increase in the quantity of long RNA generated (compare results for the 10-minute low-salt chase with those for the 10-min high-salt chase in Fig. 5) . When the salt level was raised later during the chase, the quantity of the long RNA was not increased as much and the level was inversely proportional to the length of time before the salt was raised to 250 mM. After 10 min of low-salt chase, essentially none of the early elongation complexes could be stimulated to produce long RNA. Therefore, the kinetics of the ability to be stimulated paralleled the kinetics of the appearance of salt-stimulated runoff transcripts when transcription took place in the presence of extracts (35a) .
The elongation properties of RNA polymerase II which has initiated from a promoter are vastly different from those of pure polymerase. Since isolated preinitiation complexes give rise only to elongation complexes that are defective in sustained elongation, it is possible that a specific factor(s) associated with preinitiation complexes is responsible for the observed effects. Possible mechanisms for this modification of elongation properties of RNA polymerase II will be discussed later.
P-TEF is limiting and acts on many templates. The experiments presented so far suggest the presence of a positively acting factor in Kc cell nuclear extract which allows some of the polymerases to reach the end of long templates. This factor, P-TEF, is sensitive to DRB and is not present in washed preinitiation complexes. To assess when and how the proposed positively acting factor works, we performed an add-back assay. Washed preinitiation complexes were prepared for use in a pulse-chase protocol in which Kc cell nuclear extract was added back with the chase (Fig. 6) . Control reactions using soluble template were carried out in parallel. Fig. 6 ). Adding back increasing amounts of Kc cell nuclear extract causes correspondingly higher levels of runoff to be generated. The increased runoff due to added extract is sensitive to DRB, indicating that P-TEF is responsible. A small amount of runoff was DRB insensitive when either soluble or immobilized templates were used. This low level of DRB-insensitive runoff could be due to incomplete inhibition of P-TEF or to the presence of a small number of P-TEF-independent productive elongation complexes. DRB is somewhat unstable in dilute aqueous solution, supporting the former alternative that P-TEF was not completely inhibited. The fact that the stimulation of runoff amount is dependent directly on the amount of extract added back seems to indicate that the positively acting factor is limiting in these reactions.
K0N in
All of the transcription data that we have presented thus far were obtained by using DNA templates containing the actin SC promoter. To ascertain whether initiation from many promoters leads to abortive elongation and, furthermore, whether P-TEF acts broadly, we tested the effects of DRB and increased salt on transcription of four additional promoters (Fig. 7) . For reference, the actin 5C promoter was used in the left-hand four lanes in Fig. 7 . All sets of four lanes are identical except for the template used. The first lane is an example of the RNA generated during the 15-s pulse, the second is a 10-min chase at 60 mM KCI following the pulse, the third is a 10-min chase reaction mixture treated with DRB, and the fourth is a 10-minute chase at 250 mM KCI. For all promoters tested, the 15-s pulse generates several bands of short RNA in the 5-to 40-nt range. The short RNA generated during the pulse does not precipitate as well as does larger RNA and is also preferentially lost during the drying of the gels prior to autoradiography. Therefore, the amount of the short RNA visible on the autoradiograph is lower than the amounts present in the reactions. In the 10-min chase lanes, runoff RNAs of the appropriate size are generated along with various amounts of shorter RNA products (abortive elongation products). In all of the DRBtreated lanes, runoff transcripts are highly suppressed or eliminated. The pattern of abortive transcripts remains relatively unchanged except when the Kruppel promoter was analyzed (Kruppel lanes in Fig. 7) . Finally, in all of the 10-min high-salt chase lanes, a significant stimulation of the amount of runoff RNA, as well as a suppression of shorter transcripts, was seen. The stimulation of runoff transcription is not as great with weak promoters (compare Yellow with actin), and the total amount of runoff in low salt is fairly similar with most promoters. This finding again suggests that there is a limiting amount of P-TEF. All of these data are consistent with the hypothesis that initiation from many cellular promoters leads to abortive elongation and that P-TEF can act on a fraction of the early elongation complexes from all promoters.
To determine whether P-TEF is limiting in our reactions, a template titration experiment was performed. If ated, will increase. Three template DNA concentrations were assayed under three different conditions: a 15-s pulse, an identical pulse followed by a 10-min chase at 60 mM KCl, and a pulse followed by a 10-min chase at 250 mM KCl (Fig.  8) . As the DNA concentration is increased from 5 to 20 ,ug/ml, the amount of short RNA generated in the pulse, the amount of abortive transcription products, and the amount of runoff generated in the presence of high salt all increased accordingly. This result indicates that more preinitiation complexes were formed and that more initiation events occurred. The amounts of runoff RNA generated for the different concentrations of DNA, however, are nearly identical. These results demonstrate that P-TEF is limiting under the conditions of our assay.
DISCUSSION
We have found that two distinct classes of elongation complexes are formed in vitro after initiation from a promoter. The predominant class undergoes abortive elongation in which only short transcripts are formed. The second class carries out productive elongation in which transcript size is limited only by the length of the template. The number of productive elongation complexes is determined by the activity of P-TEF, a limiting factor in nuclear extract. A new immobilized template transcription system that uses paramagnetic beads was partially responsible for our characterization of abortive elongation and P-TEF activity. The immobilized template system will be valuable in the characterization and purification of P-TEF and the further characterization of abortive elongation and its causes.
Abortive elongation is the default mode of transcription after initiation from a promoter. Events which occur before or during initiation determine the properties of early elongation complexes. Unless further influenced by other factors, all polymerases enter abortive elongation. Abortive elongation is characterized by a high initial elongation rate followed by pausing and, finally, termination. The process of abortive elongation gives rise to a pattern of short transcripts which is promoter specific. The abortive characteristics can be suppressed by the presence of high salt, Sarkosyl, or heparin as long as these reagents are added before the release of the nascent transcript. Abortive elongation seems to be a general phenomenon, as it was detected in the in vitro transcription of all promoters tested. The elongation rate of early elongation complexes is initially very high and then decays to zero in less than 1 min. The resulting paused conformation is indicated by the ability of these complexes to be chased into longer transcripts under appropriate conditions. Over the next 5 min, the paused complexes are released (35a) (Fig.  5 and data not shown) . The addition and continued presence of reagents such as 250 mM KCl are necessary for paused early elongation complexes to be able to actively elongate.
The term abortive elongation vas chosen because of parallels with the process of abortive initiation in procaryotes (11) and eucaryotes (47) . Abortive initiation involves the synthesis and release of very short transcripts (2 to 12 nt) during the process of initiation. At some promoters, the predominant products are transcripts derived from abortive initiation. Our results indicate that abortive elongation presents a second block to the synthesis of full-length mRNA and that this may be the fate of most polymerases that escape abortive initiation. Abortive elongation, like abortive initiation, gives rise to short, incomplete transcripts. There are two important differences between the two processes. First, abortive elongation products are about 10 times longer than those generated during abortive initiation. Also, after synthesizing an abortive initiation product, the polymerase is believed to be able to begin again without releasing the template, but abortive elongation would require that the polymerase relocate the promoter and reinitiate.
Others have found evidence of early blocks to elongation and have observed stimulatory effects when using elevated KCI concentrations or Sarkosyl or heparin. In particular, Wiest and Hawley (84) saw increased specific transcripts arising from the adenovirus major late promoter in the presence of 0.3% Sarkosyl, the same level used in our studies. These investigators proposed that this effect resulted from an increased efficiency of elongation of polymerases in the presence of high Sarkosyl. Toohey and Jones studied the effects of adding increasing amounts of Sarkosyl after initiation from the HIV-1 and HIV-2 promoters (83) . At low (0.05 to 0.15%) concentrations of Sarkosyl, an inhibition of runoff plus an increase in shorter paused RNA was seen. At higher (0.15 to 0.4%) concentrations of Sarkosyl, the amount of runoff was increased, but not to the level of untreated transcription. The first effect most likely arose from inhibition of elongation factors such as S-1I and factor 5 (35a). We believe that the second effect that gave increased runoff resulted from the suppression of abortive elongation. The reason runoff in the presence of high Sarkosyl did not return to the level in the untreated reactions is that reinitiation is inhibited above 0.025% Sarkosyl (26) . Other investigators working on attenuation in synthetic and natural virus sequences have found stimulations with elevated concentration of KCI (6, 38) . Sarkosyl and heparin have been used to inhibit reinitiation by many investigators (1, 6, 31 (31) . In the absence of Sarkosyl, which removes histones, KCI concentrations as high as 400 mM are required to achieve maximal salt-stimulated elongation through nucleosomes (31) . In our experiments, we see a maximal effect at 200 to 250 mM KCl (Fig. 1 and data not shown) , and the stimulation by salt is similar in magnitude to the level found with Sarkosyl. This is unlike elongation by mammalian RNA polymerase II through nucleosomes, which is stimulated to a greater extent by Sarkosyl than by salt (31) . The pause/ termination sites encountered by early elongation complexes also cause pure polymerase to pause on a dC-tailed template (35a). On might reasonably expect the binding of interfering proteins to the DNA to alter the pattern from that seen with naked DNA, but no such alteration was seen. We cannot rule out the involvement of DNA-binding proteins in mediating or having an effect on abortive elongation, but our results and the recent results of others (see below) have prompted us to seriously consider the possibility that a specific factor is at least partly responsible.
If a specific factor is involved in mediating abortive elongation, it could be a previously unidentified transcription factor, one of the general initiation factors, or a modified form of one of the general factors or RNA polymerase II. For simplicity, we will call this proposed factor N-TEF (negative transcription elongation factor). If N-TEF exists, it must be able to act on or interact with the preinitiation complex, since washed preinitiation complexes give rise to abortive elongation. Preinitiation complexes retain their ability to give rise to abortive elongation when washed with increasing levels of KCl until the preinitiation complexes themselves are removed from the template. This similar stability could be because N-TEF is a part of the complex or because N-TEF modifies the complex during its assembly.
Support for the existence of N-TEF in HeLa extract was recently obtained. Innis and Kellems demonstrated that a heat-labile factor associated with the preinitiation complex promotes premature 3' end formation during transcription of the murine adenosine deaminase gene in vitro (30) . One intriguing possibility is that N-TEF is the CTD kinase and that phosphorylation of RNA polymerase II to the 11 form is responsible for abortive elongation. The CTD kinase has been shown to be associated with the preinitiation complex in mammalian extracts (43, 46) and has been shown to be a part of one of the basic transcription factors in the yeast transcription system (18) . Furthermore, II is the predominant form during elongation in HeLa extracts (10, 55 DRB (35a) . Since DRB has an inhibitory effect on transcription from all of the promoters tested in this study, it is likely that P-TEF is a general transcription factor. Also, it is possible that P-TEF is a control point for transcription in vivo because we have seen that the level of P-TEF activity correlates with the growth conditions of the cells used to make nuclear extracts (55c) . It is unclear whether P-TEF becomes associated with the transcription complex after initiation or whether it modifies some part of the complex. DRB does not affect RNA polymerase II elongation complexes that have transcribed more than 500 nt (35a) . On the basis of these observations, we favor the possibility that P-TEF only transiently interacts with the elongation complex.
Our results strongly suggest that P-TEF is limiting in vitro. Only a small percentage of RNA polymerase II molecules which initiate from the actin promoter in Kc cell nuclear extract can generate long transcripts. With use of a constant amount of extract, initiation is directly related to the number of template molecules. The level of RNA generated during the pulse, the level of abortive elongation products seen during low-salt chase, and the level of runoff RNA seen during high-salt chase all increase with increasing DNA. The amount of runoff RNA seen during low-salt chase is, however, very nearly constant over the same range of template concentrations. Further, when increasing amounts of extract are added to a constant amount of washed complexes, the amount of runoff transcripts increases in proportion. Finally, the level of runoff RNA seen with use of different promoters is nearly constant even though the initiation efficiency is widely different. This means that the percentage of initiating polymerase molecules that reach runoff is greater on templates containidg weak promoters than on templates with strong promoters.
Other investigators have seen effects which could be due to P-TEF action. Chodosh et al. reported that DRB causes an inhibition of transcription elongation in HeLa whole-cell extract (15) . We propose that this distance-dependent decrease in transcription in the presence of DRB results from the properties of early elongation complexes and the inhibition of HeLa P-TEF by DRB. In the same study, it was shown that the DRB inhibition seen with use of more highly purified transcription factors was dependent on the inclusion of a crude column fraction in the reconstruction (15) . It has been reported that HeLa casein kinase II can be inhibited in vitro at the same concentrations that inhibit transcription (90) . It is possible that P-TEF is a kinase or modulates the activity of a kinase that is involved in phosphorylating RNA polymerase or one of its ancillary factors. In another study, evidence is presented for a DRB-sensitive factor in Xenopus nuclei that is involved in Tat activation of HIV mRNA translation which seems to be mediated by RNA modification (8) . It is possible that P-TEF has an effect on transcription and translation, although the relationship between P-TEF and the Xenopus factor is unclear.
The effect of DRB during transcription by RNA polymerase II has been the subject of many studies which arrive at different conclusions. It has been reported that DRB inhibits initiation (88, 89) , causes premature termination (20, 82) , and inhibits elongation (15) . These studies show that DRB has no effect on initiation. DRB does not affect the properties of RNA polymerase II elongation complexes that are more than 500 nt from the promoter (35a). We hypothesize that DRB does not affect elongation or initiation but rather inhibits the P-TEF-mediated transition from abortive elongation to productive elongation.
Factors control the formation of elongation complexes. Using all available information, we propose a model for the control of elongation (Fig. 9) . The central feature of the model is the P-TEF-mediated release from abortive elongation. The preinitiation complex directs polymerases which initiate to pause within several hundred nucleotides of the promoter. These paused complexes terminate transcription within about 5 min unless acted upon by P-TEF. The interaction of P-TEF with the paused complexes causes release of the block and the subsequent generation of long RNA transcripts. P-TEF activity is inhibited by DRB, but later, when the nascent RNA is longer than 500 nt, the elongation complex is insensitive to DRB (35a). Transcription complexes resulting from P-TEF action have an elongation rate of about 1,000 nt/min due at least in part to the subsequent action of DmS-II and factor 5 (35a min. These two processes, decay of salt stimulability and accumulation of runoff in 60 mM KCI, occur with similar kinetics, suggesting that these processes are related. We believe that the elongational block can be released by either P-TEF or high salt. This is similar to the situation in which lambda Q protein requires an early pause site to allow Q to modify the polymerase (24, 87) . If long productive transcripts are derived from paused complexes, then P-TEF action would reduce the total amount of abortive transcripts. Because P-TEF affects only a small number of transcripts in our current studies, such a small change in the amount of the abortive transcripts would be difficult to quantitate. Once P-TEF activity can be increased to affect a larger percentage of the elongation complexes, it will be possible to determine directly whether the short transcripts are the precursors to longer transcripts. Although it is not the simplest interpretation of our results, it is possible that there are two types of preiA'itiation complexes, one which gives rise to early elongation complexes carrying out abortive elongation and another which gives rise to complexes that cai be acted upon by P-TEF to yield productive elongation conmplexes.
Our model can be used to explain many results that have been obtained both in vivo and in vitro concerning the control of elongation by RNA polymerase II. Much of what has been termed premature termination of transcription from a number of cellular and viral promoters is likely due to abortive elongation. Termination at sites in close proximity to promoters would not be an intrinsic property of the sites themselves but rather the consequence of the properties of the early elongation complexes. We would predict that moving specific sequences at which premature termination occurs farther from their promoters would decrease the number of polymerase molecules able to reach them. New sites would be found with endpoints closer to the promoter. It is possible that in many cases, the pattern of terminated transcription is a result of RNA sequences or structures that confer particular stability. As was found recently (30), longer, abortive products would be degraded to the area of stability, giving the impression that the stable area is the only termination point. For many genes there are no stabilizing sequences in the abortive RNA, so the short products would be too rapidly degraded for most isolation protocols and therefore would be missed. It has been shown that the snRNA 3' end is correctly produced only when transcription is initiated from the snRNA promoter (27, 28, 53) . The possibility exists that transcription of some small genes, such as those for snRNAs, is accomplished entirely by abortive elongation. The mature 3' end of the snRNA may come from specific termination or by processing of somewhat longer, randomly terminated complexes. snRNA synthesis would not be sensitive to DRB. Recently, it has been found that the 3' end of mouse Ul snRNA forms efficiently only when it is located within 400 nt of the promoter (55a). As the distance from the promoter increases from 200 to 500 nt, the amount of proper 3 (68, 69) . They find that the arrested polymerases can be released by Sarkosyl. It is possible that N-TEF is the factor responsible for the arrest. We would predict that the formation of arrested polymerase complexes would be resistant to DRB. The model may be used to explain some aspects of transcription from the HIV-1 LTR promoter and the ability of Tat to increase the number of polymerase molecules able to generate long RNA products. In the absence of Tat, there is an abundance of a specific short transcript containing the TAR sequence which has a very stable stem-and-loop structure (34) . We suggest that these short transcripts are generated by abortive elongation. These transcripts are then trimmed back to the stable structure that is detected. The role of Tat and perhaps other factors bound to the TAR region may be to enhance the activity of P-TEF. Our model would predict that the synthesis of the short HIV transcript would not be sensitive to DRB, but Tat transactivation would be sensitive to the drug. Very recently, Marciniak and Sharp showed that this is the case and that Tat does promote the formation of elongation complexes that can synthesize longer RNA (50) .
Recently it was reported that the elongation block controlling the expression of the murine c-fos gene is responsive to calcium (16) . Various inducing agents, including a calcium ionophore, which increase intracellular calcium levels were found to stimulate the production of full-length transcripts of the c-fos gene. It is possible that this block to elongation involves the removal of N-TEF or the activation of P-TEF. If this is so, then it is also possible that the factors are modulated directly or indirectly by a calcium/calmodulindependent protein kinase (35) or other calcium-modulated protein kinases. We have not seen any direct effect of adding calcium or EGTA to transcription reaction mixtures (55b), but our nuclear extract may not contain the necessary kinases or accessory factors.
The immobilized template assay will be very useful in examining the details of factor action. Magnetic concentration allows for rapid and easy purification of transcription complexes as well as for great control of reaction conditions. By using an add-back assay in conjunction with the immobilized templates, it should be possible to purify P-TEF and study its mechanism of action. Since it is easy to change the reaction conditions, defined elongation complexes paused at specific sites could be generated by controlling the nucleotide composition of the reaction mixture. Defined elongation complexes have proven useful in the study of stability of transcription complexes and subsequent elongation through nucleosome-containing templates (31, 44) . Defined elongation complexes will be valuable in determining exactly when P-TEF acts.
